Abstract
Concern for the human security inside mines is as old as the mining itself. However, ICT (Information and communication technologies), which has impacted human life in so many ways has not been much used for making mines safer. We propose a method that has been practically implemented which can enhance mine safety enormously. It is based on integration of wireless sensor network with an external network through a gateway.
Background
Imagine the world without coal, copper, uranium, iron-ore, gold and aluminum. We would have been in the era of early man even by now without these resources. All these metals as we use them or know them are extracted from the ores. The ores are naturally occurring minerals often buried deep inside the earth. These minerals are available to us because of the hard work put in by thousands of people working in the Mines. But have you ever thought of the kind of situation they work in? The reality is mind boggling.
Hundreds of people die every year in the mines due to lack of safety measures. Workers who work in the mines are always at a risk of death. The environment inside the mine is very difficult and apart from risk of losing lives, their exposure to harmful substances and the high probability of getting severe diseases is almost inevitable. An average labor working in Jharia( Dhanbad, India) in the coal mines get paid at barely Rs. 50 per bori (15-20 kg) of coal that he mines out. Many children are also made to work in those terrible conditions for free. And all this happens at the expense of their lives and risk of getting dreadful diseases. Astonishingly, things have been so terrible from the past few decades. Is it fair enough? Can human life be so cheap? Why cannot we change this deadly scenario?
Introduction: Need for Mining safety
Thousands of people have lost their lives in Mines till date. History tells us about some huge mine disasters that have happened all around the world. Although, some of the disasters were not due to human mistakes but surely a consequence of mine safety measures. Why cannot we have better technology for mine safety issues? Advancements in technology are already taking at enormous rate, every day we come across some new gadget, services and applications being launched. Unfortunately, the uptake of technology is slow in the mining sector. So, why advancements in technology for Mine safety should be left out in a corner?
Here are some shocking figures showing about the mine disasters that took place around the world (According to the documented statistics, the actual figures are much more and few are not being documented):
SOME RECENT MAJOR MINING DISASTERS:
* April 2010 -USA -An explosion killed 29 miners in West Virginia in the deadliest U.S. mine disaster since 1984. In Annexure 1 we have given a statistics of major coal mine disaters happened over a period of time. The list is not exhaustive but surely provides glimpse of the enormity of the problem.
What makes the mines unsafe?
There are various things which make mines unsafe; e.g. mine ventilation, flooding of water, falling of roof, methane explosion, coal dust explosion etc. One of the major issues is the low level of oxygen, and concentration of noxious gases like carbon monoxide nitrogen, and methane. Their inappropriate concentration can cause serious damage to human beings present in the mines. There are chances of suffocation and even explosive conditions might arise. Most of the disasters which take place happen due to the explosion of methane gas and explosion of coal dust. If the decision makers who are located at considerable distance come to know the situation in real time they can initiate the corrective measures that can avoid accidents.
ICT based solutions to enhance mine safety
Several measures must be taken to improve and enhance the safety measures for mining. Focusing on ICT (Information and Communication technologies) based solutions; the web enablement of applications and other capabilities delivered over broadband communications systems can be used. Tele-robotics (operation of a machine at a distance), wireless technologies, radio-frequency identification (RFID) and global positioning system (GPS) technologies, which track the movement of minerals and equipment are few other features that may be added in mines.
Proposed Method
We propose a significant and efficient method for the real-time monitoring of various noxious gases in the mines and also parameters like temperature, moisture, water level etc. These are the parameters responsible for most of the mine accidents. The heart of this method is wireless sensor network's integration with an external network through a gateway. By this method, data about the above mentioned parameters can be accessed expediently from long-distance. We can also put up data about the parameters on a common server or can be updated on a website. And many other applications can be made.
How to implement the method?
We can prepare a wireless sensor network and integrate with an external network like intranet/ internet or any other telecom application through a gateway. The wireless sensor network must be planted in a mine. This network should have several nodes placed at various locations of the mine. Each node should be planted at different locations of the mine covering the whole area. Each node needs to be fabricated with temperature sensors like TMP-275 and various gas sensors like TGS-2611, TGS-2442, and TGS-2600 which can measure the parameters like temperature, concentration of oxygen, carbon monoxide nitrogen, and methane.
The whole network needs to be set in a suitable network topology preferably a hybrid of ring and star topology. Though, the topology to be selected depends on the basis of the area to be covered, data redundancy issues or energy optimization. But here we are interested in the coverage of more area. The network has cluster heads which collects data from every leaf node and then these cluster heads sends the whole data to the base station which is connected to an external network through a gateway. i. Interrupt call-When a node sends a message to another node asking to send the data it has. ii. Flow of data-Sending information from node to another i.e. wireless communication between the nodes. iii. Topology-The way/structure in which the network has been set up.
Effective topologies for the wireless sensor network

Symbols used:
Assumption: Wireless range of every node is same. 
Key Features of Star on ring topology:
i. Whenever distance coverage needs to be increased, nodes (having sub-nodes) can be easily added to the main ring. ii. Each main node carries information of its every sub-node. iii. If any of the main nodes fail the whole network will fall. iv. Data redundancy takes place to a certain level. 
Temperature Sensor (TMP-275)
TMP275 is a temperature sensor from TI. It has a resolution of 0. 
Light Sensor (APDS-9300)
Light sensor APDS-9300 is from Avago Technologies. The APDS-9300 is a low-voltage Digital Ambient Light Photo Sensor that converts light intensity to digital signal output capable of direct I2C interface. Each device consists of one broadband photodiode (visible plus infrared) and one infrared photodiode.
Further technical details of APDS-9300 can be found at:
www.avagotech.com/docs/AV02-1077EN. Further technical details can be found in its datasheet (Refer http://www.digi.com/products/wireless/point-multipoint/xbee-series1-module.jsp#docs).
XBee Wireless Radio (2.4 Ghz):
USB-UART interface
It provides a USB interface for serial communication test applications. This USB interface is actually an UART-USB interface based on FTDI232 chip for PC to Indriya communication. All USB protocols are handled in the chip, so no knowledge of USB is required. The 232BM is entirely state machine based and no firmware is required. 
Results and Discussions
Temperature display on www.ijaal.org
We made use of INDRIYA CS-03A14 kit components embedded on it like AVR's Atmega 128 microcontroller (brain), temperature sensor TMP-275. We successfully displayed the live temperature (with time stamping) of the laboratory on the website www.ijaal.org.
We programmed Atmega 128 which is a low power CMOS 8 bit microcontroller having AVR RISC architecture with the help of AVR studio software in C to work as a temperature sensor. The temperature sensor sends analog data to the microcontroller through I2C communication which then forwards it to the Universal Asynchronous Receiver Transmitter (UART) through FTDI communication. Then entire data is being sent to the computer serially (with the help of USB-UART interface) i.e. through serial port interface. The serial port interfacing has been done in C for linux based systems to make the work open source. After reading the data through serial port the data is processed and is converted to the closest value of the temperature. The program made keeps on running in an infinite loop and continuously updates the temperature of the lab with time stamping in a file. Then finally this file is being uploaded on the ijaal server using Ajax and you can see the temperature display on www.ijaal.org.
We can envision a fully fledged technical program leveraging state of art wireless sensor network technologies towards an intelligent and secure mining environment. It can render the workplace of miners safe from unpredictable situations and accidents which lead to loss of human lives and prosperity.
Implementation of multi-hop network of sensor nodes & integration with an external network
We have implemented a multi-hop network of sensor nodes which are capable of monitoring temperature, light intensity and other ambient data. The base station for a particular deployed network is responsible for aggregation of data from all nodes and sending it to the main server via a gateway. The server can provide service to multiple clients. A customized application layer has been built on the client machines to facilitate efficient data monitoring and cluster selection from a deployed WSN.
We have used a tree topology for the wireless sensor network having 2 main leaves (cluster heads) & their 2 leaflets (sub-nodes) each. In total we monitored the values of temperature & light intensity of 6 nodes in total. The readings of temperature & light intensity coming from every node were written onto a file. The file was being updated at regular interval of time and was sent to different clients on their request, respectively. We made use of INDRIYA CS-03A14 kit components embedded on it like AVR's Atmega 128 microcontroller (brain), temperature sensor TMP-275. We successfully displayed the live temperature with time as detected by the sensor of the laboratory on the website www.ijaal.org.
Graphical display of temperature & light intensity of every node in the sensor network
The readings of temperature & light intensity coming from every node placed at various location of the laboratory were taken. The readings taken were then plotted on graphs which are shown in figures 4.6.1-4.6.6. There is not much of variation in the readings because all nodes were placed in the same room. But important part is that the readings can be seen on the graphs.
Conclusions
I. We have successfully implemented a multi-hop network of sensor nodes which are capable of monitoring temperature & light intensity. The base station for this network is responsible for aggregation of data from all nodes and sending it to the main server via a gateway. The server then provides service to multiple clients. IV. Though the work here has been mine centric the concept can open entirely new areas of business for telecom operators and web service providers, e.g. monitoring ones home while at work or on a long tour.
We believe that our project can render the workplace of miners safe from unpredictable situations and accidents which lead to loss of human lives and prosperity.
Proposal for Future work
We envision a fully fledged technical program leveraging state of art wireless sensor network technologies towards an intelligent and secure mining environment. It can render the workplace of miners safe from unpredictable situations and accidents which lead to loss of human lives and prosperity.
We already have reached a level where we have shown the effectiveness of wireless sensor network with a small set of nodes. This work can be taken to a much bigger platform which can bring drastic changes in the present situation of mine safety.
Extended features in our hardware
The hardware we have used presently gives the measure of temperature and light intensity which can be extended to measure several other parameters important from the safety point of view. Like concentration of oxygen, carbon monoxide nitrogen, and methane which can be done fabricating gas sensors like TGS-2611, TGS-2442, and TGS-2600; water level and moisture content can also be measured by using suitable sensors.
Improving the ruggedness and quality of the hardware
Although, the hardware which we are using can be further used to fabricate more sensors and other components but it may not work effectively in the actual atmosphere of mine. So, the quality of hardware may be improved to adapt in the harsh conditions keeping the architecture and the components same.
Mine Surveillance System
Extending its features, it can be taken to much higher level applications like automated alarm system so that people know in advance that conditions in the mines are dangerous and needs to be vacated.
Making the sensor nodes mobile
The nodes of the wireless sensor network can be made mobile i.e. they can be built on automated robots for easy access to various places.
Simulation of the Mines
Simulation of the mines can be done by software which will enable us to have virtual tour of the actual mine. So, that the workers are aware of the conditions in the mines before hand and hence can be well trained to negate the level of risk to their lives. 
